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Abstract: 1he reduction of A -6-keto-ergostane derivatives with NayS;04 in the presence of a phase

transfer catalyst is performed and the effect of experimental conditions is discussed. This represents a

safer and economic way for the synthesis of brassinosteroid analogs.© 1999 Elsevier Science Ltd. All rights reserved.

In the field of brassinosteroids, potent natural plant growth promoters,' most synthetic efforts are
focused on generating procedures to obtain the active compounds in an easier and economic way. Among the
active natural brassinosteroids, 24-epibrassinolide (1) has been widely evaluated on field trials in several
crops. The results obtained have successfully demonstrated the suitability of this steroid for improving crop
produn:tion.2

Although several synthetic strategies of 24-epibrassinolide (1) have been developed, most of them
involve a reduction of the A’ double bond present in the ergosterol (2) starting material.*° Thus, one of the
general procedures to prepare 24-epibrassinolide (1) is represented in Scheme 1 where the ketone 4 is
obtained from the enone 3 in a yield of 80%.>*
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Scheme 1
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This reduction, as in other stericaily hindered enones, has usuaily been accomplished by treatment
s.4 we.q e o qe .2 PN § P ot 1 . . ‘ o o+ st o~ .
with fithium in liquid ammonia.”” However, this procedure presents serious drawbacks mainly for iarge-scale
preparation:

1)  the difficuity of reaction control to avoid useiess overreduction products;

ii)  the uneconomic conditions derived from the low temperature (-78°C) required;
iii) the security measures needed for working with lithium in qurd ammonia pre-distilled over sodium, and
A Y thn avhariobicia mmmbeml Al cantdiian ¢4 samicmmisanion TP .._A.....A ‘ .....
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Qrdinm dithinnite nsad ag 2 hlaaching agant 12 anneare ac a caommercial radiicing agant to aceamnlich
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selective enone reduction. Therefore, it could be considered as a suitable candidate to overcome the
AifFfirnltiae ritad ahnava
MEHIIVWILIVDO VILUVU QUU YL

. 7 .

In this paper we present the opportunity to use this reagent for the reduction of A’-ketosteroids in a
enticfartnry wavs
S@atliolawiunig vway.

Fnllnwimz to the lit

e reaction at a hrgher temperature a complex crude was obtalned
The use of a phase transfer catalyst (PTC) such as Ahauat® 336 following the procedure of Camps et

al.'* and Akamanchi et al."® for the reduction of ketones, enones and conjugated dienoic carboxylic acids and

esters furnishes the desired ketone 4 as main product.

Otherwise, minimal variations of experimental conditions affect the reaction behaviour obtaining
either new characterised overreduction products (5 and 6), isomerization ones (7) or those resulting from both
processes (8).

Scheme 2
Table 1 shows the resulis obtained in a toluene/water system by modifying different factors: the
amount of PTC, the basic conditions, the [Na,S,0,]/{3] ratio and the path of reagent addition.
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Hence, whereas a deficiency of base gives a substantial amount of unreacted enone 3 (Entry 1), an
excess of it leads to the formation of isomerization (7) and isomerization-overreduction products (8) (Entry
3).

Trace amounts of PTC as well as reducing agent ratio of 1.5 involving long time reaction increases the
amount of 8 (Entry 4 and 6).

Taking into account the best experimental conditions encountered -the molar relation of NaHCOj (8),
Aliquat® (9) and Na;S,0, (9)- an increase in the yield of the target molecule 4 is obtained with a slow reagent

a2 » . -~

addition (Entry 2 ) Thus, with this procecure a crude product with a content ot 80% in 4 is obtamed (72%

Table 1. Reaction conditions for the reduction of enone 3.

Variable  Entry NaHCO," Ahquat® [NayS,0,]° Time 4 set A 8t 3t

336" /h
1 1 9 1.5x6 6 25 75
NaHCO;, 8 9 15x6 2 R0 10 10
3 18 9 1.5x6 2 65 10 20 5
4 8 traces 1.5x6 7 25 50 25
Aliquat®3z6 2 8 9 1.5x6 2 80 10 10
5 8 18 1.5x6 2 90 10
[Na,S,04] 6 9 1.5 8 40 40 20
2 9 1.5x6 2 80 10 10
osagnnt 7 R Q Q 2 70 20
l\UGEUllL i %4 g e r+ v -~ \J
addition 2 8 9 15x6 2 80 10 10

* mmol / mmol of 3. 1 Yields calculated by HPLC.

An excess of PTC gives the formation almost quantitatively of the overreduced alcohols S and 6
(Entry 5), which are useful to be easily transformed into the desired ketone 4 after a re-oxidation step.

Therefore, the overreduction of enone 3, followed by a Jones re-oxidation, without intermediate
purification, afforded, after chromatographic purification, the ketone 4 in a 82 % yield, recovering a 10% of
unreacted enone 3.

This two-step procedure presents high yields, implying easy reaction controi. Therefore, this
represents a convenient alternative way for the synthesis of ketone 4.
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Conclusions.

The use of Na,S,0, in the presence of a phase transfer catalyst represents a more convenient, safer and

. . 7 . . .
economic way for the reduction of A’-6-keto ergostane derivatives, a key step for the synthesis of
brassinosteroid analogs.

Experimental section:

Melting points were determined on a Gallenkamp and on a Bichi 530 instruments and are uncorrected.
IR spectra were obtained on a Perkin -Eimer 683 spectrometer. '"H-NMR and *C-NMR spectra were recorded

on a Varian-Gemini 300 (300MHz) spectrometer in CDCl3 solutions. Chemical shifts (8) are given in ppm
with Me,Si as internal standard. The multiplicity of the signals in the >C-NMR was determined using the

sequence Distorsionless Enhancement Polarization Transfer (D.EP.T.). Mass spectra (electronic impact
(EIMS), m/z) were run on a Hewlett-Packard 5985-A spectrometer and mass spectra (chemical ionization,
(CIMS) m/z) were run on a VG autoSPEC spectrometer using methane as the carrying gas. HPLC
chromatography was run on a Waters 600E chromatograph, an ultraviolet Waters detector (A=210 nm), a

Waters-Millipore NOV&-Pdk RP-18 (¢,=3 9 mm, u“4um L-lS mm) column and CH;CN/H,0 60:40 as mobil

Conaral vodnectinn nracadura: A calitinn Af f’)‘)l?\;ln S_rvurla_ 8y _arancta .7 29 _dian_ K;r\no ) (1
WFVAIWE A K VIALAWAEWVAS I..l WAL AA R &, 2 OUIULIUIL UL \&au A, S U]UIU -t A Ulsus’ha I ‘1‘1 IV IITUTWINN \.” \l
mmol, 395 mg) in toluene (40 ml) was added to water (40 ml) containing NaHCO, mol, 677 mg) and

Aliquat® 336 (9 mmol, 4 ml) under argon. Sodium dithionite (1.5 mmol, 250 mg) was added and reaction
mixture was stirred at reflux temperature for 2 hours, during which time additional sodium dithionite was
added in five portions of 250 mg each one. The reaction mixture was cooled to room temperature and cold
water was added untii the soiution became clear. After the usual work-up (Cyciohexane, Cy) and
chromatographlc purification (Cy/AcOEt 80:1) 290 mg of (22E)-3a,5-cyclo-5a-ergost-22-en-6-one (4) was

isolated (72% vield) as a white solid: mn: 167-169°C {( 1416 120 1400 IR SHC 1y can 1455 1365
1dVIa \IL/D ylmu; ad> a WlllLC BUIIU lllp 1U7/=1V7 U \ ilL 1VUO=1U> \/} V vin 1UZy, HU0, 1IU0,
1290, 960, "H-NMR (300 MHz, CDCI3): § 5.26-5.11 (2H, m, H-C22 + H-C23), 2.49-2.37 (1H, m, BH-C7),

{
AS
2.06-2.02 (1H, m, aH-C7), 1.02 (3H, d. J=6 OHz, 21 -CHy), 1.01 (3H, s, 19- CH3)5 0.91 (3H, d, J=6.9Hz, 28-
CHy), [0.84 (3H. d, J=6 9Hz) + 0.82 (3H, d, J=6 9Hz)] [26-CH, + 27-CHs), 0.73 (3H,s, 18-CH), 0.72 (1H, dd,
J=5.1, 5.1Hz, aH-C5); *C-NMR (75 MHz, CDCI3): 209 C6, 135.5 C22, 132.0 C23, 57.1 C14, 56.0 C17,

46.8 C10, 46.3 CS, 46.1 C9, 448 C7, 42.8 C24, 42.6 C13, 40.1 C20, 39.6 C12, 353C8 348 C3, 335 Cl,

33.1 C?S, 28.4 C16, 259 C2,24.0 C15,22.8 Cl1, 209 C21, (19.9 + 19.6) (C26 + C27), 19.7 C19, 17.6 C28,
1A N MIN 11 £ A RAC (TTIN. IO L I\‘+\ 201 2L OO NQO0 A0 NATTY ALN 1AL £O0 L
122014, 11,004 IVID (L)) PO (IVI ), 301, 303, 2535, 458, 40D, 4/ 1, £OY, 14Y, DY, 3),

Two-step procedure: A solution of (22F)-3a.,5- 5-cyclo-5a-ergosta-7,22- dien-6-one (3) (1 mmn& 395
mg) in toluene (40 mL) was added to water (40 mL) contammg:, NaHCO, (8 mmol, 677 mg) and Ahq_uat 336
(10 mmol, 8 mL) under argon. Sodium dithionite (1.5 mmol, 250 mg) was added and reaction mixture was
stirred at reflux temperature for 2 hours, during which time additional sodium dithionite was added in five
portions of 250 mg each one. The reaction mixture was cooled to room ®temperature and cold water was added
until the solution became clear. After the usual work-up (Cy), Aliqu: e

nnnnn

\)\ID

aronct- -en-
\/lb\lﬂ\r ot LR

)

7
of the above crud n 8 mL f acetone (dlstllled from KMnO4)
reagent excess was removed by adding i-PrOH and the solutlon was ﬁltered over celite. After removmg the
solvent under reduced pressure and usual work-up (CHCl;) a crude of 410 mg was obtained. The
chromatographic purification (Cy/AcOEt 80:1) afforded 325 mg of 3a,5-cyclo-5a-ergost-22-en-6-one (4)
(82% yield from 3) and 40 mg of unreacted enone 3.
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(22E)-3a,5-Cyclo-5a-ergost-22-en-6a-ol (S): white solid )

mp: 83-84°C. IR V""" cm™: 3600-3100, 1450, 1370, 1000-1050, 960. 'H-NMR (300 MHz, CDC13): §
5.26-5.11 (2H, m, H-C22 + H-C23), 3.90 (1H, dd, J=11.4, 42Hz, BH-C6), 1.00 (3H, d, J=6.3Hz, 21-CH3),
0.91 (3H, s, 19-CH3), 0.91 (3H, d, J=6.3Hz, 28-CH3), 0.83 (3H, d, J=6.9Hz, 27-CH;), 0.82 (3H, d, J=6.6Hz,
26-CH,). 0.70 (3H. s. 18-CH,). 0.61 (1H dd J=8.1. 4.5Hz H,-C4) 025 (1H. dd. }=4.2. 4 2Hz. H,-C4): B
P bLlj} v./V \Jll D, 10 \/113} V.Ul \ Il, uu JTTO. 1, “YJI[L’ 1] \'l} V.40 \111, UU J "fA "lelL, 11 "\,—"}, | -
NMR (75 MHz, CDCI3): 135.8 C22, 131.7 C23, 67.2 C6, 56.3 C14, 56.1 C17, 47.7 C9, 44.9 C1 o 428 C24,
42.6 C13 40.2 C7, 40.2 C20, 40.0 C12, 39.8 CS, 34.9 C8, 33.1 C25 32.8 C1, 285 C16, 250 C2, 24.2 C15,
23.1 C11, 20.9 C21, 19.9 C27, 19.6 C26, 18.7 C3, 179 C19, 17.6 C28, 12.3 C18, 6.6 C4.CIMS (h.r.)
m/z:[M+1]" 398.355 (calc.398.355).

(22F)-30,5-Cyclo-5a-ergost-22-en-6{3-ol (8): white solid
mp: 81-82°C. IR V" ¢m™; 3600-3100, 1450, 1370, 1000-1050, 960. "H-NMR (300 MHz, CDCI3): &
5.26-5.11 (2H, m, H-C22 + H-C23), 3.26 (1H, dd, J=2.1, 2.1Hz, aH-C6), 1.06 (3H, s, 19-CHs), 1.00 (3H, d,

J=6.3Hz, 21-CHa), 0.91 (3H, d, J=6.3Hz, 28-CH), 0.83 (3H, d, 1=6. 9Hz, 27-CH;), 0.82 (3H, d, J=6.6Hz, 26-
CHs), 0.74 (3H, s, 18-CHy), 0.52 (1H, dd, J=3.9, 3.9Hz, H;-C4), 0.29 (1H, dd, J=8.4, 5.1Hz, Ho-C4), C-
NMR (75 MHz, CDCI3): 135.8 C22, 131.7 C23, 73.8 C6, 56.6 C14, 56.2 C17, 47.7 C9, 42.8 C13 + C10, 42.6
C24, 40.2 C20, 40.1 C7, 38.9 C5, 37.1 C12, 32.8 Cl, 33.1 C25, 29.8 C8, 28.6 C16, 25.0 C2, 24.2 C3, 24.1
Cl15, 22.6 Cl1, 20.9 C21, 20.2 C19, 19.9 C27, 19.6 C26, 17.6 C28, 124 C18, 11.6 C4. CIMS (h.r.)
m/z n\,f.m1+ 398 355 (calc. 398 355\

AN L. Ve S IO IIT \vaiv.S 7

(22E)-3a.,5-Cyclo-5a,14f-ergost-22-en-6-one (7): white solid

mp: 144-147°C. IR V"7 cm™': 1690, 1450, 1370, 1285, 1150. "H-NMR (300 MHz, CDCI3): 8 5.26-
5.11 (2H, m, H-C22 + H-C23), 3.26 (1H, dd, J=2.1, 2.1Hz, aH-C6), 1.06 (3H, s, 19-CH;), 1.00 (3H, d,
J=6.3Hz, 21-CH;), 0.91 (3H, d, J=63Hz, 28-CHj), 0.83 (3H, d, J=6.9Hz, 27-CH), 0.82 (3H, d, J=6.6Hz, 26-
CHs), 0.74 (3H, s, 18-CHs), 0.52 (1H, dd, J=3.9, 3.9Hz, H;-C4), 0.29 (iH, dd, J=8.4, 5.1Hz, H,-C4); “C-
NMR (75 MHz, CDCIl3): 135.8 €22, 131.7 C23, 73.8 C6, 56.6 C14, 56.2 C17, 47.7 C9, 42.8 C13 + C10, 42.6
C24, 40.2 C20, 40.1 C7, 38.9 C5, 37.1 C12, 32.8 C1, 33.1 €25, 29.8 C8, 28.6 C16, 25.0 C2, 24.2 C3, 24.1
C15, 22.6 C11, 20.9 C21, 202 C19, 199 C27, 19.6 C26, 17.6 C28, 12.4 C18, 11.6 C4. CIMS (h.r.)
m/z:[M+1]" 396.338 (calc.396.339).

(22E)-3a,5-Cyclo-5a., 14B-ergost-22-en-6a-ol (8): white solid

mp: 78-80°C IR V"% cm™: 3600-3100, 1450, 1370, 1230, 1045. "H-NMR (300 MHz, CDCi3): 8
526-511 (2H, m, H-C22 + H-C23), 3.90 (1H, dd, J=11.7, 3.9Hz, BH-C6), 1.04 (3H, s, 19-CHs), 0.93 (3H, d,
T1—Z£ 211 N1 ML NAONYMLT A T_£ 201, HQ MLT.\ noomunlor*U\ N84 I?U,IT;AQ‘LL, ')’IJ‘II\ N

P V.0 \Jl u, J U.]l].l‘,bl\/l}’\lu.l

J=0.5112Z, Ll"bﬂ:;} V.72 \Jn, @, J=06.501Z, £6-Lr13j, U.66 111, §, 16-Un13),

(3H, d, J=6.6Hz, 26-CH), 0.60 (1H, dd, J=8.1, 4.5Hz, H,-C4), 0.24 (1H, dd, J=4.2, 4.2Hz, H,-C4), “C-NMR
(75 MHz, CDCI3): 133.5 C22, 132.9 C23, 67.5 C6, 56.0 C14, 49.1 C9, 448 C10, 43.4 C13, 43.3 C24, 41.0
C7, 39.9 C5, (39.3 + 37.6) (C17 + C20), 36.7 C12, 33.2 C25, 32.9 C1, 32.8 C8, 25.2 C2, (248 + 23.3)
(C15+C16), 23.1 C11,22.0 C21,20.1 €27,19.7 C26, 19.1 CI8, 188 C3, 17.7 C19, 17.6 €28, 6.7 C4. CIMS

(h.r) m/z; [M+1] 398 353 (calc. 398.355).
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